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[Patent Attorney] 

(57) [Abstract] 

[Objective] After nHintainingconpresavestraigth and solvaitre 
astance in tenperature state after theabsoibing water, it is 
stqxriorin impact resistance, and in^layertou^messfiirthermae 
casevsiiere ctoss lanination sheet was pulled it offos prepr^ in 
order to give thereinfOTced plastic wliere edgs delanination straigth 
istn^coiaderably. 

[Constitution] Prepr^ vAidi designates that it consists of followi 
ngconstitumt[A],[B]andthe[(ri, [C\ it exists in fixxit side fitxn 
[B]as feature. 

[A] :Rdnfi>rdiigfiba- 

[B] : Thermosetting reaxi wiudi contains polyetha* sulfone. 

[Q : Thermosetting rean wWdh contains polyinide. 
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[Gaiml] Piq^r^ \\hi(^deagnatesthatit^^ 
nsdtuait[A],[B]aiKlthe [Q,[q it as 
feature. V • 

[A] :Rrinfi>rcingfil» - 

[B] rlhOTTOsetting resin \vhichcontdnspolyether sdfoiK. 

[C\ : Thermosetting rean >^di contains polyinide. 

[aaim2] Prepreg v*ere 90 % or hi^ of constituent [q, deagpat 
es that from prepreg surfacethe localization it has made inside range 
of dq]th of 25% of thetUckness of prqsr^ as feature, states Qaim 

L 

[Qaim 3] Prqjreg which designates that it conasts of thermosettin 
gresinofat least 1 kindwhidiisdiosQifromgroipwtee 
thamosetting resin in ccHistituent [B] and [Q conastsof epoxy resin , 
cyanate resin or bismaleiniderean as feature, states in Qaiml or 2. 


[Qaim 4] It designates that it is a polyinide\^terepolyinide\\iiic 
h in constituat [C] itis nixed or is melted and contains siloxane 
skeleton as feature, prepr^ ^diisstatedinoneclaimdtherof 
theQaimltoB. 

[QaimS] It deagpates that it possesses flinctionalgroipvvherepol 
yuri de ^^ilich in theoonstitu^ [Q it is nixed or is melted and can 
react withthoinosettingrean intheconstituait [C] as feature, 
prqireg which is stated in theone claimeither of Qaims 1 throu^4 . 


[iS*S7] [A] . [B] . Cc] fccfci; CD 
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[Qaim 6] It deagpates that polyelhersulfone which in constituent 
[B] it is nixed or ianelted and has hydrojgd-tCTrinated as feature, 
prqsreg vMdti is stated in one daimeith^ of Qaim 1 to 3. 

[QaimT] It consists of constituol [A], [B] and [q and p], [q exi 
sts inthefront side from [B] , pcepreg whidi designates that \P] 
exists in constituent [q creature. 
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[A\ : Reinfordngfiber 

[B] : TtemDsetting rean wWch contains polyether sulf(Mie. 

[q : Thermosetting rean which contains pol>inide. 

P] : McTOparticle whidideagpates rean as material. 

[QaimS] Pr^r^ where 90% or hi^ of constituent [q and p], 
deagpatesthat from prepreg sur&cethe localization it has made 
inade range of dq^th of 25 % of thettdckness of prqsr^ as feature, 
states in Qaim?. 
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[Qaim 9] |ft kind or more 

polyanide ,^ carbonate , the polyacetal , polyphenjdoie oxide , 
polyphatylenesulfide, polyarjdate, polyester, polyairiddiride , 
thepolyinide, polyetterinide , polysulfone, polyetha-sulfone, 
polyetter ketone, poly etho-ethCT ketone, the poly ararrid, 
polyether nitrile and polybenzinidazole is dedgiated as material as 
feature,states in Qaim? or 8. 


[Qaim 10] Prq)reg vliere constituent p] designates polyanide of f 
lexural modulus 170 kg^mrC or greater and thatthe polyanide of 2 
Idnds of polyanide of flexural modulus ISO kg^ninz or less is 
designated as tbsTHterial as feature, states in Gaim7or8. 
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[Qaim 1 1 ] Vr^eg ^\tere constituent p], designates that therafwpl 
astic resin wtiidi is made the thermosetting resin and seni-IPN is 
designated as material as feature, states inthe Qaim? or 8. 

[Qaim 12] Prqjreg which designates that tharnosetting resin of at 
least 1 kind which is chosenfromgroip whae constituent P] 
con^sts of {i^ienolic resin, qx»Q^rednandthemaleinide resin is 
designated as material as feature, states in aaim7or8. 

[Qaim 13] It designates that constituent [A] is carbon (gr2?*ite) fib 
erasfeatinie, prepr^ wiiich is stated in one claimeith^ of the Qaim 
Itoll 
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[000 2] 
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PDesCTiption of the Invention] 
[0001] 

[Fidd of Industrial Application] As for this invaition, as advanced 
composite material strength and elastic modulus , furthermore itis 
something regarding prepreg whidi gives reinforced plastic wWdi 
is usedfor one for structure wdiichspedfic strength and spedfic 
elastic modulus whidi divide thesewith density being large is 
reqdred. 

[0002] 

[Prior Art] Advanced composite material is nonuniformmaterial vM 
ch designates rdnfordngfibCTand matrix rean as thaiecessaiy 
constituott, because of this, propCTty of fiber axis direction 
WgdiflFam»ejdsts in property ofcfirection other than tot Asfor 
resistance for for example felling weight impact, improving, it has 
beoi known strragthof reinforcing fiber in drastic imp-ovanent that 
it is not related E^Dedally, compoate material vAidti deagnates 
thairiosetting resin as matrix resin reflectsthe low tou^ir^ 
matrix resin and impact re^stance is insufficient In addition, 
occasionwteretai^le load is added to cross lamination sheet, 
thaeare many times wtendelanination occurs fiiom dieet edge, 
because of tl^there is many a thing where degrees of fi-eedom of 
laminate constitution is restricted Thai, various methods is 
froposedpropCTty othathan fiba- axis direction, thee^)ecially 
inpact resistance, with fact that interlayertou^inessisinjyovedas 
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[0003] As hi^ tou^mess oonva:aon technique of thermosettii^ re 
sin itself) technique N^liidiaddspolysidfo qwjgrresinin 
Japan Unexanined Patoit Publication Showa 60-243 1 13 disclosure, 
in addition, tedmique whidiadds aroHBtic oligoma* to epoxy resin 
is disclosed in Japan Uiexanined Fatal Publication Showa 61- 
228016 disclosure. We have assumed that also inpactre^stance of 
conpoate natOTal is inproved by tWsreanW^tou^mess 
oonveraoiL 

[0004] \Wth J^ Unexanined Patent Publication Showa 60-6322 
9 disclosure, allotting epoxy resin fihn which in intCTlayer of Sbsr 
rdnforced prepreg isinproved with elastomer, what can do 
inprovenral of inpact resistaiK^e isdisclosed 

[0005] ^WthU S. Patent No. 4,604,319 specification, allottingtho- 
moplastic resin filmto interlayer of fiber reinforced prepr^ whatcan 
do inprovemmt of inpact resistance is disclosed 

[0006] These inventors disclosed matrix resin vMdti includes nicro 
particle whichdesigpates resin as material in U S. Patait No. 5,028, 
478specificatioa Espedally,taddness (tackiness) of prqaregand 
wMle it possessed drqje (Below, tackiness* drape )tte feet that 
conpoate material where inpact resistance is improved is given was 
dx)wnthe resin nicroparticle by localization doinginsurfeceof 
prepreg 

[0007] ^th U S. Patent No. 4,863,787 specification, fact that conp 
ositematmal wha-e impact resistance is improved bythe prepreg 
vAidi uses matrix resin which consists of elastono- particle of the 
epoxy rean , reactivity oligomer and particle diameter 10 to 75 
miCTon, is acquired is disclosed We have assumed that phase 
sq^arated stnicture is formed to cured resin portion other than 
tteelastonra* partide liere. 

[0008] If with European Uhexanined Patent No. 0377194 A2 spodf 
ication, epojg^ rean whidi nixes epoxy fusible polyinide particle 
(particle diameto* 2 to 3 5 jjm) wWdi possesses the anino phenyl 
trimethyl indane or otha- partially nonaromatic dceleton is 
design^ed as matrix resin, inpact resistance of conposite material 
improving isdixlosed Aocordingto said disclosure as for fiiable 
polyinide particle we assune that with interlayer partof conposite 
material it melts v^le fonrin^ 

[0009] \Wth J^ Uhexanined P&tait Publication Hei 3-26750 di 
sclosure as for conposite mataial wHch designates rean 
nicroparticle whichconsists of epo)^ resin, reactivity polysulfone 
oligoma' and reactivity elastomer and epo^ resin as tiienfcbix rean 
we have assumed that inpact resistance is sup^or. 

[0010] 

[Problems to be Solved by the Invention] But, as for these technique, 
inpact resistance inprovemait effect is insuflSciait still, in orda* 
toinprove inpact resistance heat resistance and handling property 
oth^ diaractoistic such as aredeagpated as saoifice, have 
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[0011] like Japan IJhexanii^Patoit Public^ * 
13 disdosure polysulfone or other thermoplastic rean of 
molecular is iri>flBd and resin tou^mess \^hen itinpioves, 
viscosity of rean conposition beconing too inpi^^ 
tothe reinforcing fiber becomes difficult, taddness of prepre&also 
drape isnpaired. Like Jq>anlbe>canined Patent Pdblication 
Showa 61-228016 dixlosure whai oHgpmer vAidti lowwed 
molecular wei^ is added, inorder to obtain suffident resin 
tou^mess, it is necessary addition quantity of thermoplastic resin 
tonake fiilly many, viscosity of resin compoation beconing too 
H^iattaidant \jpon that, impregnation to rdnforcipg fibo- becomes 
diflScult. In addition, as quantity of thCTmoplastic resin is increased, 
solvent reastance ofthe cured product decreases. Furthermore, 
tou^mess of these resin itself improving for inpact 
resistanceimprovmEnt of composite mataial gradually it can 
recogize t^ency \\4iichbecomes ceiling. 

[0012] like Japan Uiexanined Patent Publication Showa 60-6322 
9 dixlosure when independent outer layo- film whidi includes 
elastomer-mxfified thermos^ing resin isused, vAiea contoit of 
elastomj^* becomes many, heat resistance decTeases^^^iien c(»tf^ 
elastoma* is little, inprovanait eflFect of impact reastance is 
va^dittle. 

[0013] In addition but, like U S. P^toitNo. 4,604,319 ^ification 
whai thCTmoplastic resin film is used, certain extol youcmi do 
compatibility of improvement eflFea of heat resistance and impact 
resistance, byuang satisfactory thampplastic resin film of heat 
reastance, taddness (tackiness) and drapewhidi are a benefit of 
thermosetting rean are losL In addition, general defidency of 
thermoplastic resin that reflects on conpodtematmaltfae solvent 
reastance is not good 

[0014] Like U. S. Patot No. 4,863,787 specification wtei partide 
which exists in into-layCT part is elastoma-,the int^layer thickness is 
easy to change with pressure and heating rate or oth^ molding 
condition change, inpact resistanceis easy to receive influence of 
molding condition to resulting In addition, existoioe of dastomo- 
heat reastance of composite material decreaai>&in addition can 
think of interlayer shear straigth that it decreases. 

[0015] like European Uhexanined Patent 0377194 A2 ^Dedficatio 
n when fijsible polyinide is arranged in iitolayer part, interlays 
thidaiessiseasy to change with molding condition diang^ inpact 
reastance is easy to receive thdnfluence of molding condition. 

[0016] Because in Japan Unexanined Patoit Publication Hei 3-267 
SOdisclosure th^ie is not statonent of compressive straiglth(CAI) 
aftCT theimpact in Working Example, it cannot appraise extent of 
inpact resistance, but theelastoma- in particle cantMricof heat 
reastance that it decreases. 

[0017] On one hand, as for these inventors rean niooparticle has d 
isclosed composite material wWdithe localization is done in 
into-layer part amount in U. S. Patent No. 5,028,478 spedficatioa 
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$e>lctt, [A] , [B] . Cc] J3j:t; [D 
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While nHin^uni^ heaf|^^T^ it designates 

thatitiriprove^obj^-^ ' 
nicrbparticleof anonitoustr^^ nylon theCAI 53.3 ka and 
is hi^ but into-la}^ tou^iness QC of pediig modeof one 
direction reinforced plastic was n^asured, thae is not a rdnforced 
plastic and a great diflFeraicev^di designate convolional epoxy 
resin as nBlrix resin. By£ictthattfamn)plasticre^niax)[»rtide 
where heat reastance is low with categoiy ofOie same technology is 
used, G\I furthermore it can inpro\^ but thel^ 
interlays* shear strength of conposite material there is a posability 


[0018] As for this invMTtion it possesses impact resistance and inte 
rlacyer toii^iness whidi exceed wayand above-nrationed prior 
example vvhidi maintain conpressive stroigth and solvoit 
resistancein hi^ temperature state after hi^ interlayer shear 
strength and heat reastance and espedally absorbing 
watCT&rthennore case whaie cross lamination sheet was pulled it 
designates that theprqsreg in order to give reinforced plastic wtee 
edge delanination strength (EDS) is hi^ conadoablyis offered as 
problem. 

[0019] 

[Msans to Solve the Problans] Prepreg of this invaition in ordCT ab 
ove-maitioned objective to reach^follovvingconstitutioa It 
consists of namely, foUowihgconstitiiait [A], [B] and [Q, isthe 
prepreg \^dideagr^es that [C] it exists in frcmt side fix>m[B] as 
feature. 

[A] : Reinfordpgfibo* 

[B] ilhennosetting resin >^di contains polyethersulfc»ie. 

[Q : ThOTiDsettingrean whidi contains polyinide. 

FurthOTTore, it consists of following constituent [A], [B] , [C\ and [ 
D],[C1 exists in front side from [B] , it is a preprpgMiiichdeagnates 
tli0t p]existsinconstituait [C) as feature. 

[A\ : Reinforcing fiber 

[B] : Ihamosetting rean wMch contains polyedia- sdfone. 

[q ilhennosetting rean wWdi contains polyinide. 

\D] : MCToparticle wWdideagnatesrean as material. 

[0020] (Explanation of constituait [A]) Elmetit which is used for th 
is invention as constituoit [A] is reinforcing fiber whidiconasts of 
filamaiL As for reinfordng fiber wWdi is used for thisinvaition, 
gOTa^ly it is asatisfactoiy fiber of heat resistance and breaking 
strengfhwliichareusedastheadvancedcompoatemataial. Itcan 
increase caibon fiber, gr^hitefiba*, aranid fiber, alicon carbide 
fibCT, alumina fiber, the boronfib^, tung^encarWde fiber and 
^assfibCT in reinforcing fiber of for example, specific strength 
among these, specific elastic nxK^us being satis6u:toiy, carbon 
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fiber or graphite fiber A^ihe^ 

wdgfit redixlion is satis&ctoriest inthe this inVentiohl^'^i^s for 
carbon fiber or gr^hite fibo* it is possible to use carbon fibo- or 
graphite &xr of all types^accordipg to application, but hi^ str^igth 
carbon fib^ of toisile elcHig^tion 1 .5 % or higher because of 
thestraigth nsnifestation of conposite nnterial it is suitable, hi^ 
straigth hi^ elong3tion carbon fiber of breaking straigth 450 
kgC^nmz or greater and taisile elongation 1.7 % or higjier 
fiirthennore is desirable, thehigh strra^ hi^ dopg^on carbon 
fiber of tarile elon^on 1 .9 % or hi^ier is suitable most In 
addition, reinforcing fiber of long fiber is used to this inraition , but 
asforthelengthitisdearabletobeaSonorgreater. >Mienitis 
shorter than that, it becomes difficult to reveal in thefidly with 
strength of reinforcing fibo* as conposite matmal. In addition, 
nixing with other reinfordng fiber, it is posable to use the carbon 
fiber or graphite fiber. In addition, as for rdnfi»x:ing fiber as for 
diape and arranganent theespecially limit it is not done, it is a for 
example sin^edrection, a random direction, a sheet,amat,a 
woven and a braid condition and is a usable. In addition, 
arrangjement vAiere especially, reinforcing fiba pulls the&ct that 
q^edfic strength and nonelasticity are hi^ to sin^e direction in 
application ^^hich is required and is arranged is suitable most, but 
alsoarranganent of easy cloth (weave) condition of handling is 
suitable for thethis bivention . 


[0 0 2 1 1 mfSimm [B] fcckt; cc] omn) 
^cfcl^r«lac5« cb] t Lrffll^?)4^*Slg^i7Kyx-> 

m&wm [c] tLxmi^^tii>^mii^-')^^ k^^*^ 
fssm [c] c^^^mi\ mjmm cb] ^*L^l:t^a^^i 


[0021] Regarding to (Ejqjlanationof constituait [B] and [C]) thisi 
nv^ion, element which is used as constituent [B] is 
thethamosetting rean which contains polyetha* sulfone. 
Reg^ding to this invention, elem^ whidi is used as constitu^ 
[Q is thethoiiDsetting redn which contains polyinide. 

[0022] i^s matrix resin does not possess constituent [B]maldpg use 
of only constituent [B],whai it does not possess constituent [Q, 
vsten inpact reastanoe of rdnforced plastic^ the int^layer 
tou^mess is low, conversely as matrix rean making use of only 
constituent [q,the conpressive strength of rdnforced plastic 
decreases. 


[0 0 2 3] L/)>L. mmm CB] ts^ismiSimm cc] 

[0 0 2 4] msjs Cc] tt. mty^^'}'y<;(DmMm 
9i:itzi&mmm^SLi^Ki>tzMzmwvhi>o 


[0 0 2 5] cc] ^it:f^7.^^><P(D^SS 

BizWi^m^itmmm cc] cD:^ai$j^/)<3^y^Lx^sffl 
^*^filcs^E^bL•cl^si:t^9ct•cfc5o mzmf&^m cc 

2 5%(DSg$<D®Hrt(cS«t«*8^. ZiiD^nHtttlX 

:^*jy\y</ms^<izmwm cc] A<A-3fci8^<ky. ^ 


[0023] But, hi^ inpact resistance and intCTlayo- tou^mess wha^ 
it was a charactCTistic v^ilich antinony isdone so fer constituent [B] 
and constituent [Q by arran^iig appropriately in therdnforced 
plastic^ conpressive strength and interlayar shear strength and 
solvent resistance bdng compatible, youdiscover fact that it caa 

[0024] ConstituQit [C], in laninate int^layer part of reinforced plast 
ic localization inpact resistance and interls^ toi^^mess whose it 
is high to do, fiirthermore is important in onto to give theedge 
delarrination straigth which is siperior. 

[0025] Constituent [Q, localization making laninate into-layer part 
of reinforced plastic, fact thatexisting, wten it rq^laces to sh^ of 
prepr^ before forming,means major portion of constituoit [C\ 
localization has made prqregsui^^ vicinity. Espedallywhen90 
%orhi^ha'ofoonstitu^[C],fiom prq)r^sur&oeitexistdnside 
range of dqjth of 25 % of tiiickness of preprcg thiscondition coning 
oS, fiom vAien constituent [Q enters into prepr^ inside dq^ths^the 
inpact resistance of rdnforced plastic, interlays tou^mess and 
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-m-T ^ / :7 X / h y y v;i/T s / <7 uy-;u 

Lr. ifX7x/-;uASx7K4ri^(aBi> ex:7x/-;uF 
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-5x7K:^vffiBit Lrtt. BiSSx7K+vfflBil^/)<fctf b4i 
1mz.i^h[z^%t^ts^>\ *fc. c*ie)<Dxn<4Fi/ 
fflBI^:?PAjbLfc:?PA{bx7K+i/<aBI*ffli^bti^o 
h 7 y V vT s / x 5^ xcftS* tt€)^S 
«I7 S >*flE{*t -r 4x7K+i/fflBlttiBii14/i^fi»tf Sift 



edge delaninaliOT stra^ become wm^Ki^vvlid^ 
nBrkedly. >\liai90%orhi^iCTof [Q, fixDm'prepregsb-^cej^^ 
localization it irakes insiderange of dqrthof 20 % of thickness of 
p-q}reg becauseremarkable effect £p)ears, furtfaennDre it is dearable. 
As this kind of localization means, consdtii^iB]isdeagnatedas 
HBtrix resin, prinBiy JX1q>regv^ilidl is inpi^^ 
fib^ can fjk be produced, next theco^^ etc 
vMdi stidcs raiBining nntrix resin film>^dvx>nflsts of to sur&oe 
ofprinBiyprepreg can be adopted you explain to sdiematic 
with prepreg in this case as thelay^^ structure, 1^^ whidi 
consistsof constitu^ [ A] and [B] , laya*vsAiidi consists of 
constituent [C] which exists in outside, can e?q3ress nultils^ 
structure vvhidi it possesses. 

[0026] Kstribution state of constituent |B],[q in prejreg at a time tr 
ace sanplingdoestherean from prqrcgsurfece, can appraise with 
resinconpatibilityanal>dsduetoequipnientsuchas liquid 
diromatography (LC) and infrared radiation spectrum(IR) and 
nuclear magnetic resonance (nmr). 

[0027] As for ratio of constituent [B] and [q, range of [B] /[q=0.5 to 
5 isdesirable. Whai it is smaller than this> decrease of compressive 
straigth under absorbing water hi^ tenpoature isocMiaderable, 
wten it is larger than this, int^layer tou^mess inproved effect is 
small. Itisarangeof more preferably 0.7 to 4. 

[0028] As fc»*thaiTi3settingredn\^di is a main component of ^ 
tituent [B] and constituent [Q Jiardening with energy fix)m heat or 
li^ and electron beamor other outside, it can use tho^n whidi at 
least forms partially three-dimoi^onal cured product desirably. 

[0029] Especially, qx)?^^ resin is listed as concrete example of tham 
osetting resin whidi issuited for this invention, generally is used 
combining with curing agent andthe curing catalyst Especially, 
epo^ redn whidi designates compound \^ch possesses the 
amines, phaiols and carbon-carbon double bond as precursor is 
desirable. Concretely, you can list alicyclicqx)xy resin etc as 
epo?g^ resin wtudi d^gpatesthe compound whidi possesses 
bisphenol Atypeepojyrean, bi^DhenolF type epo?Q^ resin, 
bisphaiolS form qx»9^ resin, phawlnovolac type qx)5Q^ resin, the 
a-esol novolac type epo?Q^ resin and carbon-carbon double bond 
various isoma* of tetra ^ycidyl dianino diphenylnethane , 
tri^ycicfyl -p-aninophenol , the tri^ycidjyl -nKmino phenol and 
tri^ydd^l anino oesol, as qx):^^ resin v^idi desigriates i^iaiols 
as theprecursor, as pmirsor as qx):^^ rean wfaidi design^ 
anines as thqirecursor,, but limit it does not HBke of course the^ In 
addition, also broninated qx)?y rean which bronination does 
these epo3^ resin is used qx>xy resin which designates aromatic 
anine wHdi is rqaresoted in tetra gjyd^ dianino 
diphoiylmethaneas precursor heat resistance bdng satisfectory, 
because adhe^veness of thereinforcing fib^ is satis&ctoty, most is 
sintablefor this invention. 


[0 0 3 0] xn^+v^flittX7K+i/«ft«li:«^l*T»* 
Sti«**-rSft^!|at?i&;h.tt*SWlc(4lN^*i(Dlb^!K3t 


[0030] Ejpasy resin is used desirably combining with eposy curing 
agaiL If qx)jy curing agait is conpound whidi possesses active 
group whidi can reactwith epo?Q^ groip, you can use each 
compound ess^ally. qx)xy curing ag^ of public knowledge 
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[0031] *fc, x^:t->^Si(c«ii^»*tti>'J *fd:,tf(Ojft 

[0 0 3 2] mfSLwm LSI ts<i:ifmf$.^m lci ^omw 

*^<^ST*#^j:t^Sglcii^Lr«l^rtckt^o 


[0 0 3 3] 7U^= KtSBglS. i^i^^fefcyvws 

:ytfx-7U-<5 K\ N, N* -^^tf-yf^u^ex-? 

. N, N' --4, 4' -'<>y:7xy :/exvu-f 5 N 
. N' -v:7x~;ix;u7n>ifxvi/^ = K. n. n' - ( 
3, 3* --?«^u>-v-p-:7x^u>ex 

VU-fSK. N, N' -4, 4' -VV^7P^+5/;i.-?«^> 

X-^U-TSK. N, N' - (3, 3' -y^U 

>-V-p-7^x-U>eXVU-< S h\ N, -P«^»h 

[0 0 3 4] VU<5 K«BittS!ft»J (fifE14*&«R»J) tffl 
4Sitffll^«ct/)<-C$4o aftl(;)^^i^b»J$al:fflt^SC^:/)< 


possesses m 9;oiq) is 

suitable. CoiXTetely/\^6us i»n»- orcfic^^ and 
dianino dipharylsulfotie, anino betizoic acid estdislssuitable. 
^Mi^fix)myoue?q)iain cotKTetdy, dicyahodiairide is used because 
it issq>erior in storage property of prgjreg, liking In additim 
various isomer of dianino dif^iMiylsulfone, in ordd* to ^ve 
thesatisfactoiy cured product of heat resistance, most are suitable for 
this invention.' As amino benzoic acid esters, trinrtiiylene^ycol 
di-p-anino benzoate and neopent>4 gjycol di-p^no borzoate 
liking, althou^ it is used, byconparison with dianino 
diphoylsulfone, it is inferior to heat resistance, because it 
issif)erior in tenale elongation, selecting according to application, 
it is used 

[003 1] In addition, trace also it is possible in epoxy resin to nixthef 
ins powdo* silica or oth^ inorganic fine particle and dastoner etc. 

[0032] As thermosettiiTg resin in constituent [B] and constituent [C], 
otha-than qx)?^^ resin, thaean vdiidi possesses nridnide resin 
and acetylene end, resin vvWch possesses Nadic acid end, resin 
which possesses cyanateesto* end, rean \\liich possesses vu^ 
end, Also resin Wiidi possesses allyl aid is desirably used As 
needed, mixing with Gpoxy resin aixl other resin, it is possibleto use 
these. In addition, reactive diluent and elastomer or otha-nxxlifiCT 
nvdng heat resistance to extentM*iich does not decrease largely, it is 
possible to use. 

[0033] Maleinide resin is corrpound which evai 2 or more includes 
po-ttDleculemaleinidegron). It can use for especially ideal 
Insmaleinidewiiich designates dianino dipharylmethaneas 
starting matoial. As maleinide compound of this kind for example N, 
N- phenjdene bismaleimide , N,N- hexamsthyloie bianaleinide , 
N,N- m^lene-di -p-phenjdoie bismaleimide , N,N- oxy-<li -p- 
phenylene bismaleimide , HN-4, 4* -benzophenone bismaleimide , 
HN-di phenyl sulfone bismaleimide ,theHN-<3, 3'-di methyl)- 
nikliylen&<ii ^phertylaie bismaleimide , ^^-4, 4-di cyclohe?yl 
methane bismaleimide and HN-m(Qrp)-)(yiylene -bismaleimide, 
inadditiontobismaleinideofHN-(3, 3*-<fi e5xyl>TOdT>imB-di -p- 
phOTylaie bismaleimide , NJnT- meta tolyloie-di -maleinide and 
thebis(aninophenoxy)benzaiB,youcanIistof aniline and reaction 
product of nixed polyanine anddie maleic anhydride vAidi is a 
reaction p-oduct of formalin, but this invention linit 'doesnot make of 
course these. In addition, it is posable to use these maleinide 
conpound with nixing systemof the2 kinds or nore, in addition to 
OMitainN-allyl maleinide , N-propyl maleinide , N-he?gd maleinide 
and theN-phaiyi maldnide or otho- monomaldnide conpound is 
possible. 


[0034] Maleinide resin is used desirably coni^ining with curing age 
nt (reactive diluent). If curing agait is conpound ^ch possesses 
active group vUdi can reactwith maleinide ffoup, you can use eadi 
o(»Tpoundessaitially. curingagaitof public kno^edge can be 
used appropriatdy, but e^)ecially, theconpound vMdi possesses 
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[0 0 3 5] ±!BcDlfXvW5 Ki:vT>i$xxx;u-e« 
. ^Uiiy^it^ (#) /)>?)BTUi^>i:LrrfTBSi?ttrfcy 

*fleB^CJiLrt^-5o ctiett-tefcx7K+i^«iiicky. if 
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[0 0 3 6] ^mwm [B] j$<}:t;4initiij^ cc] [^(of^)^ 

^litffll^«c:i:/^<tft*o 

[0 0 3 7] mf&Wm [B] IC^JP-T-StKUx-x^UX^UtN 

Virfi. 3fSK^(D««ifi*x-x;HB^fc<ki;x;i.jn>^ 
^T?e^^^^xK»agi 6 0*tJa±<DiSiH«61±^*-r«5K 
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[0 0 3 8] ^fSLWm [c] (cjSSPt^TKU^S Kirtt. 5f 
§feSa)3g«it*^^ KlS^^rJg5;^^X$£3g;ag1 7 0°C 

^-::^7Xf^*>^v^/^> (tt) 't7;uTAi ooo;b<^ 

[0 0 3 9] jK«MS [^(D^f&mi. ^JcO(DL>-f*l(D:^5£^ 

ffli>«ci: t-e^^A^ ftawicfiT h^*;i/m:^ilxjfc* 

3, 3' , 4, 4' -^:^i/:7xy >T 
7KvK"lft7K#i. 3, 3* . 4. 4' -hr7x-;UTh^* 

;U;t^>K-|i7K!fel. 3, 3' , 4, 4' -i^^x-^Ux-x 
^UTh^^^l^Tt^^K-ffiTKISl. 3, 3' , 4, 4' -i;:7x 
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' -e7x-;UTh^*;b7K>K-fe7Xfel. 3, 3' . 4. 

4* -v:?x-;i.x-T;uxh^*;i.7t{>Kx}iii7K4a«i:i5fa) 


r^iSksxi^ , boizDcyclobutaie gnoip , alljd nadic iiride grotp , 
/^f^isocyariate , the cyanate groip and epoxy group vMch are 
rqsresented in anino ffoap and all>4 groips suitable, dianino 
diphenylmethans is rqDresaitadve as 

for exanple anino ffoup, you canlist 0,(y-di allyl bi^h^l Aand 
bis(propOTyIpheno;y)sulfone etc as curing agent vWdi 
possessesdie alkenyl group. 

[0035] It is ideal above-mentioned bismaleinide and bismaleinide * 
triazine resin (BT resin) which is formedwith cyanate ester as 
thermosetting resin of this invoTtioa cyanate ester conpound of 
polyvaloit phenol vvhidi is rq}resaited in bisphenol Aas 
resinv^di possesses cyanate ester aid, is ideal. re^nvsUdiis 
corribined with cyanate esta* resin and bismaleinide resin is 
marketedis sidtable for this invention as BT resin from Mitsubishi 
GasChenicalGo.,Ltdand. As for these because generally epo^ 
resin compared to, one side, the tou^mess and inpact resistanoe 
where h^reastance and water resistanoe are satis&ctoiy 
areinferior, selecting accordingto s^plication, it is desirable to use. 
bismaleinide and cyanate ester with wei^ ratio are used usually in 
range ofthe 0/100 to 70/30. In case ofO/ 100 it is a cyanate (triazine) 
resin, but with tMs invention this it issuitable. 

[0036] As thermosetting rean in constituent [B] andconstituait [Q, 
you can use also thermosetting resinwhidi is widely 
adaiowledged with industiy such as phenolic resin , the resorcinol 
resin, unse^urated polyester resin, diallylphthalatere^, urea 
resin and melanine resin. 

[0037] Polyether sulfone which is added to constituent [B] ring stru 
ctureof aromatic type is th^lymerwhidi possesses hi^ heat 
resistance of ^ass transition taiperature 160 ^ or hi^ier wiiich is 
tied with theetha- bond and sulfone bond. Mtsui ToatsuKKmake 
and S003P etc are listed as commercial product you can usealso 
those wiii(A are syntheazed, but conl^imng as nee^ 
mononmlesirably. 

[0038] Polyinide whidi is added to constituent [Q is polyma- wliic 
h possesses thdii^ heat resistance of ^ass transition tarpa-ature 
170 °Corhi^ia*whiditiesripg structure of aromatic type with 
inidebond. GE Plastics Japan Ltd make and Ultem 1000 are listed 
as connien:ial product you can use alsothosewMdi are synthesize 
but conrbining as needed monomsrdearably. 

[0039] Synthetic method ofpolyinide can also use any method of p 
ublic knowledge, but itsynthesizes with tetracarbo?q4ic acid 
dianhydride and dianino compound in rq>resOTtative by reacting. 
Exanple where tetracarbo^Q^lic add diarfiydride is desirable, can 
list pyromellitic dianhydride , the3, 3* ,4, 4' -benzophenone 
tetracarbojgiic acid dianhydride , 3, 3' ,4, 4* -bipiieiijd 
tetracarbo^Qdic acid diarf^dride , 3, J ,4, 4'-di pha^l ether 
tetracarboj^lic acid dianl^dride , 3, 3' ,4, 4'-di phaiyl sulfone 
tetracarbo^^ic add dianhydride, or other aromatic tetracarbo?^ic 
acid dianhydride , more prefwably , the3, 3* ,4, 4' -bipher^l 
tetracarboj^lic acid diarirydride and 3, 3' ,4, 4*-<li pharyl etha* 
tetracarbo?Qdic add dianhydride or oth^ aromatic tetracarbo^Qdic 
add dianhydride. 
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[0 0 4 2] ^^f*Ll^m^*:«ro1 Oli. ISfiESsS [C] (Dm 

/i<fcif?)*i-S/)<. :7x^;^•>p+■9■>^#%L■Cl^r=feJ:l^ 
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[0040] Diaiiino conpound is de^rable as for exanple \^iiere, diairin 
o dii:dien)dncthane , netai^bai^lene dianine , par^shehylens 
diamine , dianinodiphaiyletlier, dianino bipha^d sulfone , 
dianinodiphoiylsulfide, dianinodipheiyl^hane, diarrino 
Wpha^^lpropai^, dianinodiphaiylketone,diiTEd5d-suM 
conpound of dianino bipha^ hexafluoropropane , dianino 
biphaiyl fluoroie , bis (aninophenoj^) bocme , Hs 
(aninopheno?^) bipher^ sulfone , Ws (aninophaio?y) biphenjd 
propane ,thB bis (aninophaK):^) bipharyd he?cafIuoropropanB , 
fluorene dianine and dianino diphenylmethane, tetrai^^ 
substituted conpound of dianino diphaiylniethane, diethjd 
substituted conpound of dianino dipha^lmethane, tetraeil^l 
substituted conpound of dianino diphenylnrthane, dimethyl 
diethyl substituted conpound or other aromatic dianino conpound 
of dianino dipher^lmethane, thedimethyl-substituted conpound of 
more preferably , bis (aninopheno;^) benzene , bis(aninopheiio)y) 
biphaiylsulfone, bis (aninophax)jQ^)biphenyl propane, bis 
(aninopheno^y) biphenyl hexafluoropropane , the dianino biphenjd 
fluorene , fluorene dianine and dianino diiAo^lmethane, 
tetramethyl substituted conpound of dianino diphei^methane, 
diethyl siiistituted conpound oflhe dianino diphaiyhrcthane) 
tetraetltyl substituted conpound of dianino diphaiylmethane, 
dimethyl dietl^l substituted conpound or other aromatic dianino 
conpound of dianino diphenylmsthane can belisted Those v*ich 
have etha* bond to other than especially inide bond aredesirable. 


[0041] In addition, especially it is dearable from viewpoint of conp 
atibility control touse linkage of tfiamosetti^g resin and 
compatibility and blodc copolyma* or graft copolymer v^iidi 
consistsof imiiscible linkage as polyinide whidi constituent [C] 
contains. 

[0042] As for one oiF dearable conarete example, thermosetting resin 
of constituent [Qoriginally is block copolyma* or graft copolymer 
which possesses linlo^ which consists ofthe siloxane skeleton 
^^dlisainlliscibility. It can increase dimedi^siloxane skeleton, 
as represoTtative siloxane linkage, hi it is possible to containlhe 
I^ienyl siloxane. Decreaang, to raise wato* resistance it is possible 
resin moisture absorption by fectthat it possesses aloxane linkage. 

[0043] When polyinide which constituait [C] contains orignally li 
nkag^ ^^4lich isa thamosetting resin conponent and a inmiscibility 
in constituent [C| it possesses, as blodoed chain bycmpariscxi with 
case where it is a polyinide which conasts of onlythe complete 
dissolution linkage of same molecular vrei^ resin viscoaty 
increase due to aAlition is small. Therefore as for prqaieg where 
deo-ease of workability is little,designates this rean as matrix rean 
there is an effect that tackiness and dr^aresiperior. When 
another viewpoint is done;, restriction of polyinide addition 
quantity in constitu^ [Qis loose; ^^thout impairing tackiness, it 
can introduce into large amountin resin system and profitable in 
resin tou^mess improvement. 

[0044] Polyinide content in constituent [Cj 5 to 35 wei^ % in ccHi 
stituent [C| all components is desirable. If it is less than this» 
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[0045] It is possible to ndt polyether sulfone in oonstituoit [B] (»- p 
olyinide in theconstituait [C] in tham>setting rean conponait of 
uiiiardened state beforrfiand here and, it just isdiq»sed nixipgit is 
good In addition, partially melting partially it is possible to 
dispCTse. Be able to adjust \dsc6sity of resin, v^tennBking prq>r^ 
thetadciness and drape can be adjusted in extent oftastethCTatio of 
this malting and dispersion by dh^iging. m^or portion it melts also 
thermoplastic resin v^di it disps^ in thermosettipg resin 
conponent inthe nx)lding process. 

[0046] As for polyether sulfone in constituent [B] or nDlecular wdg 
htofpolyinide in constituent [C|,caseitmeltsinthani3settingredn 
conponait of unhardened state beforehand thennoplastic resin 
conponent, rangp ofq>proximately 2000 to 20000 is desirable with 
as nuni)er-average molecular wei^. ^Mlen nclecular wei^ is 
aiBller than this, tou^mess improved rffect is small and if 
inaddition, molecular wei^ is larger than this^ ino-ease of rean 
visooaty to beconsderable decrease of ^M>rkability is renfBrkable. It 
is a rarige of more preferably approximately 2500 to 10000. 

[0047] Possessing functional groip vAiere polyinide in polyeiha* s 
ulfone or consdtuait [C\ canreact with re^Dective constituait [B] or 
constituent [Q inconstitu^ [B] raises thetou^mess of cured 
product, in order to maintain thermosettiiig resin original solvrt 
resistance^ isdesirable. You can list amino groip or hydrojiy groip 
as desirable functional groip. Espedally, polyether sulfone has 
hydro?9^1-teminated, when polyinide 1^ anino group-tmrinated, 
thetou^mess of rdnforoed plastic^ balance of h^it resistance is 
mostdearablewdl. 

[0048] In constituent [Q polyinide to be ni^oed or melted, nicrojjias 
e sq)aration to do, it isdedrable in phase whidi designates 
th^Tn)setting resin as main conponerit in the resin hard^ng and 
phase which designates polyinide as main conponait in ordoto 
bring tou^messinp'ovanent of reinforced plastic. Espedally after 
hardoiing, phase separated structure, is something which is 
sqxiratedv^th phase whidideagnates polyinide as main 
conponent and phasewi^ch designates thoncsetting resin as main 
componoit, in order vJhea it becomes thecured resin ^ch 
possesses nicrophase sq>arated structure \^liidi at least phase and 
phase ofthe prdTerably both which designate polyinide as main 
component are continual in thethree-dim^cmal, to Mng hi^ 
tou^mess it is desirable. FurthOTnore also furthamore it is 
desirable to possess complex phase separation formwhidi c(»itains 
di^)a^pteseofotfaer phase in continuous i^iase. Whoiit 
possesses nicTophase sq)arated stnicture ^^iiere lAase 
designates thernDplastic resinas main conponent at least formed 
partially continuous phase, cured rean, ^le maintaininglthe 
flexural modulus of 250 l^mntz or greater, becomes thermosetting 
resin cured product wWdi at least possesses thefracture strain 
energy dissipation ratio Qc of 250 J/mz or more and is desirable. 

[0049] Fracture strain ena-gy disapation ratio Qc of cured resin wh 
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_ ._. is acquiiw fixlmcon^^ 

n^asuredxyith double toradrinE^ (Below OTriiethod). Details 
are stated in Journal of Matenals Science (0022-2461 , JMTSAS) 
(Journal of MatCTials Sciaice (0022-2461, JMTSAS)) Vol. lOppTl- 
84(1985) etc concOTiing DT method Qc is calculated fix)m 
sample thickness t of slope AC/Aaf and cradc propag^ingpart 
forOie oadc propagation distance af of cracking load P mi 
ccxipliance C by next fonxida 


I c 


= P2 (AC/Aa ,) /2 t 


QC=P2(AaAafy2t 
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ItoCj compliance C is defined with OSP by crosshead di^lacon 
oitS and oaddng load Pat time of craddpg. 


[0050] (Bqjlanation of constituait P]) Constituent \p] is niaopart 
icle>\4iich designates rean as material. In addition, constituent P] 
is contained in constituoit [C\ and exists. 

[0051] Constituait \D] being nicroparticle has following benefit If 
it is a namely, rricroparticle, when nixing with matrix resin which is 
a constitumt[(r],becauseit exists with state Mttdi is di^wse^ 
matrix resin, tackiness and dr£q3ev^ch matrix rean has it is 
reflected as prq>r^ characteristic^ itbecomss prq>reg wWdi is 
sip^orin handling property. 

[0052] Ci)nstituent p], being contained in above-maitioned consti 
tual [Q, >\tei itexists, impact resistance of reinforced plastic 
fiirthOTDre to become hi^ fiirthOTnorethe une^qjected extent 
inta-1^^ tou^mess CJC and edge delaninatioh strengfh (EDS) 
improved effect ofcrosslanination sheet is renBilcable. Alsohi^ 
heat reastance is maintained, eith^ inta*lay^ shear straight is not 
impaired 

[0053] Fact that especially it is statable as material of constituent \p 
]isthenicrc^3article of thermoplastic reaa In maindiain, 
themcplastic rean vMch possesses connection whidi is 
chosCTfrom carbon-carbon bond, anidebond, iiridebond, ester 
band, etherbond, carbonate bc»Kl, the urethanebond, ureabond, 
thioelher bond , siifone bond , imidazole bond and carbonjd bond 
istherq>resentativeas niCToparticleasthaTnDplasticresin>\Wchit 
uses. Specially, because polyanide, polycarbonate, polyacetal, 
polyphmylene oxide, the polypheiTjdene sulfide, polyarjdate, 
polyestCT, polyamideimi(k , polyinide, polyedimmide , the 
polysulfone, polyetha- sulfone , polyether ketone, polyethH* 
ether ketone, polyaranid, polyethernitrile andtbe 
polyb^nidazole are superior in impact resistance, it is sintable as 
material of thariCToparticle \^hidl is used for this invaition Even 
among these, polyanide, polyanideinide , polyetherinide , 
polyethersulfone and the polysulfor^, because hi^tou^mess 
and it is heat resistance satisfactory, in thethis invaition are 
fiioKlship. tou^messof polyanide espedally is supoior and is 
desirable. Those wluch belong to amorphous transparent nylon 
have held also espedally heat re^stance. 

[0054] As constituent [D] to seni-IPN convated withcon*inati(Mi 
with thediermoplastic resin and thaTn)settipgrean or resin 
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niCTopartide \\iiidi to serri-IFN it can convert thaiSa^ .< 
itself in solvoit resistance to be si^mor, in cirder to maintain ■ ^ 
ttesolvent resistance of reinforced plastic entirety, it is desirable, 
IFN with abbreviation of intapai^rating polymer network 
(intapoietrating polymo* networic), calls interpoKtrating networic 
structure of crosslinkedpolymerhere,ononehand, seni-IPNis 
inteipaietrating network structure of crosslinked polymer and 
strai^ diain polymer. 

[0055] To this kind of sari-IPN as means in order to convat, .circle- 
1.. heating and malting doing thermoplastic resin and 
themBsetting resin, afta* nixing to uniforn^cooling, method whidi 
it makes blodc .drcle-2.. Melting thermoplastic resin and 
thenrosetting resin in corrrmn solvent, after nixing to the unifom% 
volatilization doing solvoit, method whidi it ranDves and 
makesthe block .circle-3.. Melting thermoplastic rean and 
themDsetting resin in common sol voit, after nixing to theuniforrr\ 
scatter makuig spray, it dries, soiled spray dry method. .circl©4.. 
Melting thainoplasticre^n and thrairnsettiiig resin in common 
solvit, aftCT nixing to theuniforrn, it throws to spray in solvent 
whidi does not melt the both resins precipitates, so-called spray 
rq3recipitation method, .drcle-5.. Nfelting thermoplastic resin and 
thermos^ng rean in comrron solvent, wWle agitating the solution, 
particulate fraction scattering designating said solution as in 
dispersion msdiumbyadding di^3a^on medium which it is diflScult 
to nix to said solution gradmlly,after renroving solvent, there is a 
method etc whidi it collects a^henio-oparticle. 

[0056] Those which if thorroplastic resin and thermosetting resin to 
SQii-IPN are convated aredesigqated as fine particle, wiiile 
maintaining tou^mess of particle itself bydxiosing composition, it 
can acquire satirfactory fine particle of acfiieavoiessof solvait 
resistance and matrix resia HowCTa-,asforthissaii-IPN 
common during reinforced plastic fonring being^mething wfaidi 
isadiievedjthaieisnotanmcQnvenience. Because rdnforced 
plastic wWdi forming, acquires prepreg wliidi deagpatesthis as 
constituent [D] is superior in inpact resistance , solv^ resistance 
and foigpe resistance itis dear£ft)le. 

[0057] As for ratio of thomoplastic resin and thaiiDsetting resin in 
seni-IFN conversionresin niCToparticle, althou^ solvent 
resistance of nicroparticleisd^gpatedasissi^ieriorfrom 
viewpoint A^di prevents fkt that impact resistance of rdnforced 
plastic isinfoior with tou^mess insuflBciency of nicroparticle, 
wd^ proportionof the thermoplastic resin 30 to 99 % , fisthenmre 
50to98%isdearable. 
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[0058] Wd^ proportion of themiosetting resin as for improved eflFe 
ct of solvit reastance is largeune?q3ectedly and with trace of 2 % 
regarding s^i-IPNconversion resin nicropartide, in addition also 
fatigue diaractoistics improves suddraly. 

[0059] Oi one hand, as for thermoplastic resin nicroparticle wiiidi i 
s teed because it is ttou^that tou^iness deo^eases with seni- 
IPN converaon of thermosetting resinusually as for impact 
resistance of rdnforced plastic, it is e?qDected that itdecreases in 
comparison with case vJhexe thomoplastic resin nioopartide itself 
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is used,lxi as for inpact reastarice Ihere is.<^ 
inprovemoit teixiencjTeg^nlingraiige whane wra^jyoportionof 
theniBsettingresinisaiHll. misttou^forsakebf ^ 
adheaveness of constituent [q wWdiisanioopartideandanHtnx 
rean vwth sari-IPN convCTaon inproves. 

[0060] Cbnstituent p], fomiBdseni-IPNwith ^^W^^^^ 
rean , vi*«ior itis aniavpartidevilridicanfonnsan-imiliose 

wWch are sipaior in thevarious charactoistic namely "iT** 
reastaiKe, solvortieastance, fetiguediaractoistics and \xA 
resistanceorothH-balanoecftheranforoedplasdcvttchisa final 

olgect conpound are acqtdied. 

[0061] As oonstitufflTt [D], it is possible also to use themiosettingr 
eannicropartide. In this case tou^mess of nicropartide itself 
de(a«asesmconparisonvnththaTroplasticrean,butas ccmstituent 
[q vsten it uses tou^mess coniiining thefidly hi^ (Sies, 
toudmessof iricroparticle of constituent p] inproves largply.the 
tou^mess 1^ laya- staKlizing in laninate interim part 

with existence of theP], because it is foraBd, inpact resistance of 
rdnforced plastic, interlayertoi#ness and flie edge delamnatiOTi 
stiaigth largely. In addition, it possesses also benefit that heat 
resistance ishi^i^nerally in conparison with themiopla^crean 
nicroparticle, contributes to heat reastancoiBintenance of 
rdnforced plastic. As tMs thairos^ing rean, it can use phenolic 
resin, epoxyiesin, naldnide resin and the unsaturated polyester 
rean etcdearably. 

[0062] As quantity of constituent p] range of 1 wt%to 30 wei^/o 
is suitable >ds-a-visthe rean of sumof constituent p] and [q ,p]. 
Uhder 1 wt% effect of fine particle does not ^jpear for most part,in 
addition vvhen it exceeds 30 >^d^A in addition to to thatawture 

wthbase resin beconES difiBcdt, taddness of prqapeg the dr^ 
decreases greafly. E^iallystiffiiessofconstitueatp]toW^ 
Utsubo convats interim ofthe rdnforced plastic with fine partide 
of constituait p] which w^ and dong^tion at break whichare 
utilized to revelation of conpresave strength of rdnfOTced pl^ 
possesses thda^tou^messlargdy it is kind of when, rapgpv*ere 

3wt%tol5wd^/oislitaaatha"isnr)reideal. 

[0063] Whai constituait [q fidly W^toi#nessit isarean,hi^ 
inpact reastance, interlayo-tou^mess anded^delanination 
strength can be acqdred wth adcfition of con^tuoit p] of 
uns^qjectedextent trace aidi as for exanple 5 %. Ifamountusedof 
constituent p] is littie, it is more desirable for thaiBintenance of 
heat lesistanoe and irteriayer shear strength, constituent p] w4iere 
elastic raxidus is hi^ reinforced plastic wWdi localization is 
donecontributestogving inpact reastance, interlayertoi#ness 
and edgedelaninationstiiei#iv*idiexceIvnthdian^of 
hardaiingcondition,inlaninateinterlayerpart While mdntaimng 
hidi heat reastance and intra-layer shear strength eqjecially 
i^idingthedearable enixxlimait vto polyanide rean whidi 
possesses aiwraffiate elastic moddusas fw exanple constituait 
^Wiised, interlayertoi#nessQc500J/iiOormoreandEDS 
you calledthe 65 ksi or more, characteristic of nrarfiba: direction 
which d»dd be surprised isrevealed. Furthaniore, unexpected 
espeddly tWs inpad reastonce and interim to»#ness 
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laninate intolayw part^'c^ role wWdi it forms here. 

[0064] Constituent P] rm/ be nixed iiHterid of 2 kinds or more. W 
hainicroparticle\^ch designates resin of flexural modulus 150 
k^onz or less as materialand nioxipartide whidi designates resin 
of flexural modulus 170 kg^atfi or greater as materialconbinB, eflFect 
of this invOTtioneqjecially is remarkable. Itisaconfcinationof 
niaoparticle which designates resin of thenicroparticle and flexural 
modulus 1 80 kg^cnC or greater which designate resin of 
particularly prefa^ly flexural modulus 130 kg^cmz or less as 
themataial as material. TousereanofTg40^orhi^ia-asmatarial 
of constituKTt P] it isdesirable for maintoiance of heat resistance, 
^^ten making material of constituent \p] of reanof more prefOTbly 
Tgl40°Corhi^ier,is. Here, fle?airalni)dulus of resin wWdi 
becomes material of constituent [D] hasinfluence wliich was 
measured due to ASTM D790,Tg means that itmeasuredwdth 
heating rate 40 ^'C/min making use of difieralial scanning 
calQrimrta-(DSQ. 
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[0065] ^tei becoming reinforced plastic^ constituoit P] localizati 
on maldng near laminate interlayer,the impact resistance and 
interlays tou^mess whose it is hi^ to exist, firthennDre 
isimportant in order to gve edgp delanination strengfh wWch is 
supCTior, beingcontained in constituent [Q wWdi is already 
e)q>ressed, it is dearable toexist. When 90 % or hi^ia- of total 
amount of constituent P] localization it does in thelayer vAAdi 
. consists of more preferably and [C\ is. distribution state of 
constituMit p] in conpositemataial, it cuts oflFsurface area wWdi 
fix)nthe ooss section photograph corresponds to P] and it 
appraises with method wWdithe quantification does surface area 
with method or image analyzer x^diwei^ngisdoie. 
constituent [A] in in^alayer part exists relatively in daiaty 
with theexist^ice of constituent p], vicinity of into-layer becomes 
resinridir^oa Whai more tWdaiess is designated as t,wliai 
fix)mthesurfacewtee90%orhi^of OMistituent p] touches 
with layer and layo-tothe thickness direction localization making 
regonwWdihasthidaiessof0.3twhidiatatime0.1 5tentCTSto 
top and botton\ because eflfect of thethis invention appears 
remarkably, furthermore it is desirable. 

[0066] AforOTimtioned condition it comes ofi) whai in intmor dqjt 
hs oflayer constituent p] exists in large amount, thm is a 
possiUlity impact resistance of rdnforoed plastic, improved effect of 
inta-Iaya* tou^mess and EDS being small, inadditicni, impairing 
compressive straigth and heat resistance, 

[0067] Shape of constitual P] is not something wHch is limited to 
spherical shape. Qfcourse it is posable to be a spherical shape, but 
as thoi^ it is a nicroparticlewhidi is acquired with fine powder 
and spnydiymethod and rqxecipitationmediodwtiichtherean 
lunp milling are done it does not become inconvaiiaTt 
absolutelywith shape various amorj^wus state. In addition, with 
milled fibo* or in addition it does not becomeinconvaiiOTt with 
needle and whisker w*iidi cut off fibCTshortly. Especially, it 
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[0 0 6 8] «iS^a):A:^* ttlig-cS?8$;KSA<. C(Oig 
^JRmti>o «f3cS« [D] (DX^m. ^ityv7s^y<; 

tt [D] (DSStt3--7 0/im(DS5H/)<<kl\ 


[0 0 6 9] C(Dc):9^i:«J«5l^ Cc] fcckt; [D] 
1 7 04 2 8^^fB^i:iflc^**L-Cl^^c:i:<. «f«S« C 

^)zfiy</^^t^mu mz^fSL^m ic:i . 10:1 t^hu 


[0070] 


A ^ib«iti-0i%«i«iT8ooH (mu im so 

(ffiS^b^XSI (ft) E L M 4 3 4 ) 

• • • . eoSfiSP 

(aft5/x;ux;K+i^ (») xe3-h8 2 8) 
.... 20Sfi8P 

3 ex 7 X / -/b F Sx;K:^r i/fflll 

(:fcB*0+Xm Si. Xtf<7P>830) 


chat^fromshapeb^drefornii^ 

foming and particle does does not become inconvenient, themelt 
adhesim sonie>^ and being sometMng^iiidi it continues 
convCTts. 

[0068] Size of nicroparticle is ejqjressed with particle diameter, but p 
article diameto* inthis case volume-average particle dianeta" vJUch 
is sou^vvdthcentrifiig^l sedimentation rate method etcismeant 
As for ^ze of constituent \p], vsiien beconii^ reinforced plastic^ 
extent>^lTidi disturbs arrai^anent of reinforcing &xr considerably 
large it isgood When particle diameta* exceeds 100 firn, in order 
interlayer of reinforced plasticwha^e it disturbs arrangemHit of 
rdnforcingfibCT, laninatesand is acqinred to make tihidc above 
necessity when making reinforced plastic,the propaly th^e is a 
deficiency wWch deo-eases. In ordo* to formmore appropriate 
interi^^ thidoiess, particle diameter of P] range oftoe 3 to 70 jim 
isgood. 

[0069] As thou^ it is shown in Japan Ibexanined Pat^it Publicati 
on Showa 63-170428 disclosure etc this kirri of constituait [C] 
and P] as manufacturing methodof prepr^ which localization is 
made surface, constituait [B] isdesignated as matrix rean, primary 
prepreg vAich is impregnated in reinforcing fiboxan first be 
produced, method etc widdi sticks rsnaimngmatrbcrednfilni^di 
consists of constituait [C|,[D] nexttosur&oeofprimaryprqir^can 
beadopted . . 

[0070] 

[Working Exarnple(s)] This invention is ejq)lained in detail below, 
with Working Exanple. 

[Working Exanple 1] IHdirectional prq>regwiiidi consists of cons 
titution below was produced Production of prepreg first 
beforehand produced below-maitionedA and prepreg of wd^ 
proportion 21 % of resin which consists of theB, wei^ proportion 
of resin made prepreg of 35 % C resin bysticking resin film wWch 
was applied thin on mold release pap^ in this bc^ sides. 

A reinforcing fiber •<:arbQn fiber T800H(Toray Industries In^ 
6W)53-5422)nBke) 

B themDsettipg resin cmpodtion- resin wiiidi consists of com 
position below. 

1 tetra^ydd)1dianinodiph^lmethane 

(Sunitonx) Chemical Co. Ltd (DN 69-053-5307) Make, EIM134 
) ****60partsbyweig)it 

2 bi^henol Atypeqx)?^redn 

(Yuka Shell Epoxy K.K (DN 69^8-8882) Make, Epikote 828) 
♦***20 parts by wei^ 

3 bi^henolF type qx)?y resin 

(Dainippon Ink & Chemicals Make, Epicrone 830) * * * * 20 
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■ •"' "'• .' * 

.... 45fifiBP 

6 tK'JX— T-^UX^UTlKV 

(=^SE (tt) Si. 50 0 3P) 

• • • • 1 4fisep 

(ttS^b^Xm (^*) Si. ELM434) 

• • • • aoassp 

(a<bi/x;n;K:t*> m) Si. xe3-h8 2 8) 

.... 30SSSP 

c^cs^-o+xm (tt) Si, xe^n>830) 

.... 40SfiS? 

4 4, 4' -i?T5^i/7i-;U7.;i/^>> 

(ttS^b^XSI (tt) Si, ;«>54ri7S) 

.... 3 eSSfiP 

5 ^'JI-T^WS K 

(5?-- f-:^v;^f^-:'^i?A'/<> (ft) Si, O^ux a 

1 00 0) 


• • • • 2 0Sg8P 
[00 7 1] :^'J^u<fitJ<Dm(4iii«a5fcy<D«liiStti o 

2 g /m 2 , *fi®Wi5fc y ro0t«»Jtfil4 1 9 O g /m2 
•Cfeofc. 

[0 0 7 2] O^IC, C(D3^U^U^^2 4«t^(a^:^mit 
( (+45° /O* /-45'' /90° ) gs) -CffigU 

;*--h^U-:^lc,i:«8Hb«}B$i 8 0°CT?2Kra, 6kg 

f /cm2(DE*T^?^Tofco c<oS{a^:^«i{bt5$$ffii 5 

0 mm, gf 1 O O mmlceiNll LT, t}]it(C 1 5 O O -f • 

^xttsJi^»^ffiS!fe«gfiM4 0 o Bizxm%mmt:m^ 

LfztZi^. 7 I nc h2-efc-3fc, OU-CASTM D 

-6 9 5lc^iEl^a^lSKtt^ff•^fcle«, 4 1 k s i <Da#E 


partsfaywd^' 
4 4, 4'-di atrino df^m^sulfone 


(SunitonDOiemcalCto. lid (1^69^53-5^ Mate, Suiricur 
eS) ****45 parts by wei^ 


5 polyethersulfone 
(Mitsui Toatsu Make,5003P) 


** * * 1 4 parts by wei^ 


C thermosetting resin conposition-. rean which conasts of conp 
osition below. 

1 tetra^ycid)ddianiiK)diphei^dnietharie 

(Sunitomo Chenical Co. Ltd (DN 69-053-5307) NMe, ELM434 
) ****30partsbywei^ 

2 bi^henolAtypeepo?^ resin 

(Yuka Shell EpoxyKK.(DN 69-068-8882) ( strain) Make, Epik 
ote828) ****30partsbywei^ 

3 bi^henolFtypeepo)QArean 

(Dainippon Ink & Qiemicals Make, Epicrone 830) * * ♦ * 40 p 
artsbywei^ 

4 4, 4*-di anino diphei^lsulfone 

(Sunitomo Chenical Co. Ltd (DN 69-053-5307) Make, Sunicur 
eS) ♦***36partsbywei^ 

5 polyetherinide 

(GE Plastics Japan Ltd make and UtemlOOO) 


* ♦ ♦ ♦ 


20 parts by wei^ 


[0071] As for resin quantity of per unit surface area in prepreg vwth 1 
O2g^rr(2,asfortheanx)un[tofcarbonfib^of pa-unitsur&ceareait 
wasal90g^m2. 

[0072] Next, this prqjr^ 24 was laminated with pseudoisotropic co 
nfigqration ((-K5 ° /O degree M5 ° /90 «)3s), 
harderingformatimwith autoclave with 180 °C was done undo" 
pressure ofthe 2 hours and6kgD'aT2. Vertical 150 mm, macluning 
doing this pseudoisotropic cured sheet in side 1 00 mm,afte- gi virig 
fellingwei^ impact ofl500indi* pound /indi to CCTto•,^^tenit 
measiied thedamage surface area witii Canon / Holonics siqplied 
ultrasonic flaw inspection image equipment M400B it was a 1 .7 
incte. Next result of doing conpression testa* in accordance with 
ASTM I>^95showedthereadualconpresaw strength of 41ksi. 
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[007 3] :fU:^u^f$-i&l^lc2 0BiiLfct 

[0 0 7 4] (±2 5/±2 5/9 0) s<D«j£'e 1 0@|C 

^^mOifi^^Cif^&irUt^-^ EDS ^««>fci: c 64 7 . 
1 k s I -ea&ofco 

[0 0 7 5] :?'J::fu</$-^iRHC2 4SaBL5Eft«^fiE 

J^Lfco m (^JtT^fRl) 8 0 mm. ® (SEMltft:^ IpI) 1 2 

{Z2mm^i^^^XMz (Hi) o 2O(0t0iX^(7)fe1R^tt6 
. 3mm. «Jai^Sg^tttIII>^B^* hi:-r4i:h/2 + 0 
. 2 5mm'U£>'&o CCDiiSDi A^^EtiggraUgBrS^g (C I 
LS) **«)fctCi. 1 2. Qksl-Cfeofco 


[0 0 7 6] -y'jy[y</^-y3\^iz6mmmLfS.muzWit 

2jiFBlia7K (7 2°C) *'eK7K^(D8 2"C-C?(DE 
tei^g^SACMA SRS 1 -8 8fC<j!£l>*tofctC?>. 
1 94 k s i -efcofco 

[0 0 7 7] ±IESffilil^lcfflLNfc^|5)«(D6li(D?S1bS$ 
mOmm. :g$3 0mmlC'lfflyiiy 7 0"Cfcr<^i!l» 

tLfctC^. fifili*D*f±0. 4%fzi:ir*ofco 


[007 8] Lmmm2:\ &iT(Dmfii^^)ts:i>-y5i^z^')y 

L fc^asg :7 ;u A ^ Bfi y o (t c t c): y . ffllKDMSiJ^^ 
tt3 5%(D:?U::^L/ifi:Ltcp 


A 5i<bajt-K5feaatT8ooH emu $i) 


(tt:£<b^X|| (tt) E L M4 3 4) 

• • • - 6 0MS8P 

2 bfx:7x/-;UASx7K+i/<SSg 

(»<bi/x;i.x/K+v cm xei3-h8 2 8) 

• • • 2 0Sfifi|l 



(*a*^>+xa (ft) xtf<7a>8 30) 
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[00731 Inalditioii>^iSi^^ V. 
%vasriEa^prqji^l2^ 
laninated in 6i£ directi<^ tou^inessClC o£^ ; peelii^mbde >was 
420 J/nC (double caiiileyCT bem 

[0074] (+/-25/ 4/-25/90) With constitution of S it laminates in 10 la 
yers^ it does thetensile test making use of cured sheet vstuchfcHtned, 
when intensity namely theBDS \^di edge delanination occurs first 
was sou^ it v/as a 47.1 ksi. 

[007S]241ayia^ it laninated prepr^ in one directi(»i, curediieetf 
ormed Vatical ( fiber direction ) 80 mm , cutting in width (fiber 
ri^ angje direction)127 nin, fi-omdiart fromthecoTter arxi reverse 
side you inserted 2 site cut in thickness direction to thecaiter, ( 
Figure]). As for spacing of 2 cut as for 6.3 mm and cut depth when 
thetest piece thidcness is designated as h, it is a h/2-K).25 mm 
When compressive interlay©- shear strei^ (QLS) was sotig^it fiiom 
this test piece, it was a 12.9 kd. 

[0076] IsMing use of hardened dieet whidi 6 layers laninated prep 
reg in theone direction and formed, in 2wedcswarmwat«'(72**Q 
with 82 °C after absorbing wato vlhen itsou^ conpressive 
str^ig^i in accordance vvdth SAC MAS RSl-88, it was a 194 k^. 

[0077] Cured sheet of 6 layers vAich is similar to th3se v^ch are us 
ed forthe above-mmtioned conpression tester \m cut off in width 
lOmmand length 30 mm andwhai with 70 °C 2 weeks immersion 
it makes hydraulic oil ( Monsanto itxlustria] di^cal corporation, 
low density aviation hydraulic test fliid), wei^ increase 
wasrestridted to 0.4 %. 

[0078] [Working Exanple 2] Unidirectional prq>regv\hidi consists 
ofconstitution below was produced Productimof prqareg first 
befordiand produced [x^qjregof thewdght proportion21 % of resin 
which conasts of below-nrationed A aixi B, thewei^ proportion 
of resin made prq)r^of35%blaKi resin ofCandD by sticking 
resin film wfaidi was q^plied thin on themold release paper in this 
both sides. 

A reinforcing fiber -carbon fiber T800H ( Tor^ IiKlustries Inc. (DN 
69-053-5422) make) 

B themBsetting resin conposition-. resin wWch consists of conp 
osition below. 

1 tetra^yd^dianinodiphaiylmethane 

(Sumitomo Chaiical Co. Ltd (DN 69-053-5307) Make,ELM43 
4) ****60partsbywri^ 

2 bisphenolAtypeqx)?^ resin 

(Yuka Shell EpoxyKJCpN 69-068-8882) Make, Epikote82 
8) ****20partsbywei^ 

3 bisphenolF type qx)xy resin 
(I>ainipponInk&aienicals KMe, ^iaione830) * * * *20p 

P20 . , 



• • • • 4 3SS:SP 

(=?taE (tt) «. 5 00 3 P) 

• • • • 1 4SgfiP 


(ttS^b^Xm m) ELM434) 
.... 4 0 Mggp 

(«ftixx;i.x;K4ri/ (ft) xtr=i-ha2 8) 

• • • • 3 0SfifiP 

3 If X X y F SxtK* i/fissi 

(:^B*^>+Xm (tt) §i. xe<7D>8 3 0) 
. . - . 3 OSfiSP 

4 4, 4' -i;Tsye/3?xr:;i.x;i.7h> 
• • • • 4 3Sfi:ep 

1 000) 


• • • • 1 8££8P 

D ^mwi&i^ 

(SU (tt) Si. SP-500) 

• ■ • • 1 2SfigP 

(HgftJ« (tt) Si<^«J;i.T5 KTR-5 5) 

^^*st»^^ Lrfifc¥i^aS2 3 a< m(D««i^ 

• • • • 1 2MfigS 


[0079] ^u:^u^=t3(o*(4®ffifcfcyco<s§igtti 0 


4 4^4'-^ arriiK) diph^sulfc»ie 


(Sumitomo Oienical Co. Ltd (DN 6W)53-5307) Nfeke, Suiricur 
eS) v - r ****43partsbywM^ 


5 polyetha-sulfone 
(MtsdToatsu Make,5003P) 


t 


**** 1 4partsbywei^ 


C thernx)settii^reancoiTposition-. rean v*ichoonastsofconp 
osition below. 

1 tetra^ydc^dianinodipher^dmsthane 

(Sumitomo Chemical Co. Ltd (DN 69-053-5307) Make, ELM434 
) ****40partsbywei^ 

2 bi^henolAtypeqjoxy resin 

(Yuka Shell Epo?9^K.K.(DN 69-068-8882) Nfake, Epikote828 
) ****30paitsbywa^ 

3 bi^haiolF type epojy resin 

(Dainippon Ink & Oienicals Make, Epica-one 830) * * * * 30 
parts by 

4 4, 4*-<ii amino diftojdsulfone 

(Sunitomo Oienical Co. Ltd pN 69-053-5307) Make, Suiricu 
reS) ****43partsbywdglit 

5 polyetherinide 

(GE Plastics Japan Ltd moke and UltemlOOO) 


4t « « « 


18partsby wei^ 


D reanniaioparticle 

1 nylon 12 nicroparticle 

(Toray Industries Inc. (DN 69^53-5422) Make, SP-500) 
****12partsbywei^ 

2 amorphous transparent nylon 

(Mitsubishi Kasei NMeQrilamidTR-55) 

Freezing milling doing niaoparticle of average particle diameter 
23 umA^hidi it acquires. **♦♦ i 2partsbywBi^ 

[0079] As for resin quantity of per unit surface area in prepreg with 1 
02g'm2,asfortheamountofcarbonfibCTof per unit surfece area it 
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[0 0 8 0] ry^iz. 2 4«tgft[^:^m 

( (+45' yO" /-45'' /90' ) qs) T?a®U 
;j--|./;U_;:?|cJ:SJ«Jg* 1 8 0*'C-C?2^H. 6kg f/ 


[0080] Next, this prq^r^ 24 was laminated with pseudoisotropic co 
nfigqration ((-K5 ° /O M5 /90 degree)3s), formationwith 
autoclave with 180 % was dons unda [pressure of 2 hoursand 6 
kgD'orC. cross section of nulded article was ground, cross section 
observation was done with optical nicroscope. nicropatticle of 2 
kinds existed, sqxirating with matrix resin with the int^l^o' region 


[008 1] C<Da<a«f7?®4b«^l»1 5 0mm. «1 0 0 
mmlcWmLr. 5 0 0 ^ >T • tKI^ hV-O^CD 

ttift«Sfiwi400B*crllffiffia^a5^Lfc<5:c5o. 9 

I nch2-efeofco OIN-CASTM D-6 9 5fcStl>E 


[008 2] :?g:;^u^$-:^[Riic2 0®|llLfc=t 

[0 083] (± 25 /± 25/90) sCDfliffi-CI OSIC 

3ESffi|illl/)<4 C 5?ig-r EDS ^ ««)fc i: c ^ 6 5 . 
5 k 8 i -efcofco 

[0084] :;u::fL/^$-:;5iRiic2 4®S®LJiE?f$Lfc® 

OILS) ii^MztZh. 11. 4ks I V&otzo 


[0085] y^)y\^</^-y5\^izemmmLis,i^LtzWit 

3E^ffll\ 2jiPBlia* (7 2^C) «r*K7K^<0 8 2^C-e(DE 
tlSSiSSSACMA SRS1 - 8 8 ^C^£l^*tofc<t C 5, 
1 91 ks I -Cfcofco 

[0 0 8 6] ±lBE^fiK»^wffll^fe^:^«a)6l(D^^b^R^ 

(i1 Omm. g^^aOmmlC-myKy 7 0°CfC-Cf^Bl?ft 

X— >a>/W KP-'J*:/<7TXh:7;b-< K) Ic21!Pb1JSi^ 
^Uztzb^ SfiiiJP¥tto. 5%ici:ir*ofco 


[0 0 8 7] Lmmmsi 

ASP SfSttTKU'f a K^U^V(D^J?E: g«aSAPfc<l:^ 
2&glt. ai$Ste«kt;fl$i7X S« Lfc a o o o m i 

§<Di2/^7:?;u:7^X3icg«eft(0ti:T?2 1 8g (o. 

75mol)(D1, (3-TS/:7x/+v) ^> 

if:/(APB). 33g (0. 094mol)<D9, 9' - 

ex (4-r5/3?x:i;W 7;b:i-u> (fda) .122 

g (0. 094mo I ) (ONH2SS6 SOOTS/^iSi/ 
>^;i/i/0+-9-> (SUi/y=l->aTtiES BY-1 6-8 
53) $2000ml (DN ^^b- 2 - U K> (NM 


[0081] Votical 150 nm,nBdiining designating this pseudoisotrq5i 
c cured sheet as sidelOO nxn, after giving falling wei^ inpact of 
1500 inch* pound /inch to center, when itmeasured damage surfece 
area vAih Qunon / Holonics sqsplied dtrascMC flaw inspection 
ima^ eqiipmait N4400B , it was a 0.9 inch2. Next result of doing 
conpression tester in accordance with ASIM D-695 showedthe 
residual compressive str^igth of 51 k^. 

[0082] In addition, when interlays tou^mess of reinforced plastic 
was measured prepreg201ayerconcmiing those whidi are 
laminated in one direction, tou^messQcofihe peelmgnixlewas 
600 J/mz (double cantileva- beammsthod). 

[0083] (+/-25/ -♦y-25/90) \Wth constitution of S it laminates in 10 la 
yers, it does thetensile test makipg use of cured sheet whidi formed, 
when intensity namely theEDS Miiich edge delaninatim occurs first 
was sou^ it was a65.5 ka. 

[0084] When compressive intCTlayer shear strength (QLS) was soug 
ht fi*om Working Example 1 sinilar test piece rraking use ofthe cured 
sheetvsAuch24l£^^ laminated prqsreg in one direction and 
formed,it was a 1 1.4 kd. 

[0085] Making use of hardened dieet whidi 6 layers laminated prep 
rpg in theone direction and formed, m 2wedcswarmwata-(72'X;D 
with 82 X after absorbing wato- vAien itsou^ conpresave 
str^igth in accordance with SAC MAS RSl-88, it was a 191 ka. 

[0086] Cured sheet of 6 layers ^ch is anilar to those >^ch are us 
ed forthe above-malioned compresaon tester was cut off in width 
10mm and loigthSOmn^ wheaiwithTO^C 2 wedcs immersion it 
makes hydraulic oil ( MDnsanto industrial di^cal corporation, 
low darity aviation hydraulic test fldd), wei^inCTease 
wasrestricted to 0.5 %. 

[0087] [ Working Exanrple 3] 

Apart reactivity polyimideoligoma* synthesis:. In separable flask 
of 3000 ml capacity v^ch mounts nitrogai inlet and thaimnKte- , 
the agitator and water renDval trap 1,3-Ws (S-aninophaio^QO 
benzene (APB) of 218gi0.75 mol), 9,9'- bis (4-anino phenjd) 
fluorene (FDA) of the33g[0.094 mol), amino end dimeth>4siloxane ( 
Dow Coming Toray Silicone Co. Ltd pN 69-066-948Q marketing 
BY-16-853) of Nttz equivalat 650 of 122g[0.094 mol) it agitated 
mslted inthe N-methyl-2-pyrrolidone (NMP) of 2000 ml in origin of 
nitrogaisubstitutioa Totha^bifte^^ltetracarbo^Qdicadd 
dianhydride of solid state it added 25(^0.85 mol) little by little, 
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7tC>ffi-i*^te^2 5 0 g (0. 8 5mo I )' ^'J^t^OjP 
m^-t^Q^fSmWUz^. 1 2 0°clcg;£L2lSPp1«}$ 

fc^. f&g(DNMP'C#S?U «)o< y<b20 I (DT-tzhV 

[0 0 8 8] ^-Lr. ^■(Da:Sfe)^2oo"ct?SSK*»Lfc 

= K (DMF) ^;g^lS^ffll^ry;^/^-sx-v^><7□•7h 
(Gpc) -cajs-r^i:. 7t<»jx^u>^^U3- 

(PEG) gi»-C4 9 0 0Tffcofco *fc^^7Le»jStt 
*IIISi5J^*fff (DSC) lCj:^tl 8 9*'C-r?&ofco ^fcs 
vD:1r-9- V#ffiO«Ate<fci;T S ^^iffil?** 11 i: fi N M R 

[0 0 8 9] mjSLwmBommmmtsiiism^^^^ 

2 0 BSfccfei;:? X y -)\.J tK^ v^BS (?ft It v 

x;i.x;K^5/ (tt) S. xtfa-hi 5 4) 4oep. e^:? 
xy-;uASx7K+i/JKBg (»<bi/x;i.x7K4^i> (1*) 

Xtf=I-h825) 30fiP. lfX:7xy-;UFSx;K*vffi 

fig (:*:0*^:/+xm (tt) xei7P>8 3 0) 3 0gp 

^tt7()^^Jtofco -fti* 1 2 0**c-C2B$PBl*D!»-r5ci:(Cck 

y;i-g=f7^x7K+i>ta8iic5§»Lfco m>-e. 4, 4* i; 

v7x-;i.x;i.7tx> (fiS^b^xH «*) + 

aTS) ^3 4SPJDa.. 1 4 0°C-C?1 0^^Pel;I^L?g«^?1t 

[0 0 9 0] ^<D&«fcS^?K>3^*ftigELS^I8iJ&Lfc« 
. ^m%ihhis^K.tt>^ 2 0*'Gir^'f5&Lrfci>fceSftis^ 

ffi Lfc^~;U K (SmcD^>i (i 1 2 0 X 1 20X3 mm) IC 
i£^2w^/^o 3 0°C2B#H+1 8 0^2^Pb1 


[0091] !lbtifcS1b<aBi(0T g fi2 o o^CT?fcofco 

¥G,c^a!ISl'fc<tC?)4 0 0 J/m2-Cfcy, ffilfSWlt 
¥f±3 5 0 kg/mm2"efcofco 

[0 0 9 2] ?i^b«iBg(DWg®^^;^^':7Ai?lfefeL^gS 
:/5c«A<a < Lr 1^4 C t A<*P o fco 


[0093] csp ::f«j:^u</fc«kU»^b:^^7.^*:;<7<Dia 

Lfco :?'J^u^(D$i3^tt. *-rfeb/)^l:«)TIBa)A<t:B/)^ 
e>3:j:SffiBi(Dlfi»¥2i%(D:^'j:/U/<f«4*»L. ctDffi 



vvith roGmtOTparkure 3 tpife^afterj^ it,-, 
nade 120*^^1x1 2 houre^ta^^ • ■ 

room tenperature and aftCTa^ 
iri, torperature rise you do a^ iss^sxs^ boiling it 
with ttel60 °C; water of ^fTOMmiely 30 ni acquired After -^r ' 
cooling this reaction nixture, it diluted withNMP of time quantity, 
poured in acetone of 201 sloA^dy and it precipitated anine end 
aloxane polyinide oligonMas solid product 

[0088] And, predpitatevacuunidiyii^g was done vvith 200^ Wh 
en nuirber avmi^ nt>lecular wd^ (Mi) of this oligoncr is 
ireasured with gel permeation chromatogr^hy ((PQ making use 
ofthe dimethylformanide (DMF) solvoTt, it was a 4900 with 
polyetlyloie gjycol (PEG) converaoa In addition ^ass transition 
tenpCTature according to diflferoTtial thamal analyzer (DSC) was 189 
®C In addition, you coddvoify that it is an introduction and a 
anine endof siloxane skeleton fixMnnmr spectrumandlRspectruni 

[0089] B part resin purification and resin physical msasuronent of 
constituent B. : In beaker siloxane polyinide oligprna- of above- 
nrntioned Apart 2 Opart and tiiephax)lnovolac type qx>?yrean ( 
Yuka Shell Epoxy K.K. (DN 69-068-8882) nake and Epikote 154) 
40part, bisphenolAtypeepo?^ resin (Yuka Shell EpojyKK. 
(DN69'<)68-8882) make and ^ikote 825) 3 Opart, you measured 
bisphenolF type epoxy resin (DiainipponInk&C3»ricalSiInc 
nake and ^iaone 830) 3 0 partand took, oligomo* was melted in 
qx)5Q^resinthatby2hoursheatingwiththel20*'C Next,34part 
it added 4, 4 dianino diphenylsulfone ( Sunitomo C3iaiical Co. 
Ltd (pti 69-053-5307) make and Sunicure S), 10 nin nixed with 
140 °Cand melted 

[0090] You connected vacuum punp to container and vacuum drfoa 
ning aftCT doing, yonx)ured uito mold (As for dinraaon of hollow 
place 120x120x3 mm) which adninist^s stripping vMch 
preheatsthe contorts befordiand in 120 *^C. .130 2 hours +180 
°C 2 hours curing reaction doingin oven, it manufactured rean 
hardoiing sheet of 3 mmtfaidaiess. 

[0091] Tg of cured resin wiiich it acquires was 200 °C Aforemsnti 
onedsanqple was cut fit)mha^ when fracture strain eners^ 
dissipation ratio Qc wasmeasured it was a 400 J/nl2, flexural 
modulus was 350 kg^mnc 

[0092] ^Mienpolidiedsurfeceofcured rean is dyed 
reflected electron image isobsoved with scaniing electron 
nicroscope, you codd see nicrophase sqparated stnicture where 2 
phasetogetha' forms continuous phase in baac . Furthamore vit)en 
same field of view elemental analysis is done withX-rzy 
nicroanalyzer, tiiebladc it understood with jixAoffaph that alicon 
element has beaidistributedto hi^ contrast i^iase wfaidi is viable 
densely. 

[0093] C part Manufecturing and i^QdcdnKasuren^ of prepre 
g and reinforced plastic: unidirectional prq3regv*idiconasts of 
constitution below was produced Production of prepreg first 
beforehand produced belov^maitionBdAand prepr^of wd^ 
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A »fc«Jft~4K«««tT8 0 0H emu (tt) SI) 

(;Wbi/x;bx;K+v Si. ) xt^-hYX- 


.,^proForti(m2r%^ :, 
wei^ proportion 36 % 2d^^6^ rea of theC, D and B by 

stiddng rean filmvvWch >^^iie^^ on mold release pqjer in 
this both ades. r 

A rdnforcingfibCT carbon fiber T8(X)H(TorayIiKi^ 
69^53-5422) HBke) 

B thmnosetting resin conpoaticHi-. resin wWchconaslsofconp 
osition below. 

1 tri^ycidylparaaninoph^l 
(YiikaShellEpo3yICK(DN 69-068-8882) Make) EpikoteYX- 


**** 


... - 40SgSP 

2 tf X :? I / -;u A Sx;K+ 

(a^bvx;ux;K*S/ (*fe) Si. xezi-h8 2 8) 
- - * 2 0 

3 lfx:7xy-;uFSx7K+vfflBI 

iXB:^^y^xm cm Sis xbr<7P>8 30) 

• • • • 4 0MSgp 

4 4, 4' -i;7'S>'v:7x-;ux;U7^> 

4 2SggP 


40partsby weigjit 


• ■ • 


5 tK'Jx— f;UX;U;t^> 

(H^SE (*^) $1. 5 00 3 P) 

• • • • 1 omggp 


1 ^ X / tK^ ^ 1? X7K+ i/^SBi 

(?ft<bi/x;ux7K+i/ (tt) SI. xtfzi-n 5 4) 
-••40 SSSP 

2 ex :? X / A Sx7K+i^ffl8i 

(a^bvx;ux;K4rS/ (*|;) SI. xeii-h8 2 5) 
• • • solfi^p 

3 ex X / F SX7K+ i/fflfli 

(*B*-f:^+X|| (tt) SI. Xtf<7P>8 3 0) 

• • • • 3oafisp 

4 4. 4' -5?75/5?7x-;bX;U7|x> 


2 bisphaiol A type epoxy resin 


(Yuka Shell Epoxy K.K (DN 69^)68-8882) Make, Epikote 828) 
****20 parts by wei^ 

3 bisphax)lF type epoxy resin 

(Dainippon Ink & Chemicals Make, ^iax)ne830) ****40p 

artsbywei^ 

4 4, 4'-di anino diphai^sulfone 

(Sumitomo Chenical Co. Ltd (DN 69^53-5307) Nfate, Sinricure 
S) ****42partsbywei^ 


5 polyetha-sulfons 
(MtsdToatsu Miake,5003P) 


lOpartsbywd^ 


C themt)settingreancQnpositiQn-. rean vWdi consists of conp 
osition below. 

1 phoiolnovolac type qx)}^ rean 

(Yuka Shell Epoxy K.K. PN6W)68-8882) IVfake, Epikote 154) 
*** *40 parts by wei^ 

2 bi^henolAtypeq^oxyrean 

(YukaShell Epoxy K.ICPN 69-068-8882) Make, Epikote 825) 
****30 parts by wsigjit 

3 bisphoiolF type qx);^^ rean 

(Dairapponlnk&Oraicals NMe, Epiax»K''30) ♦***30 
parts by ^Mri^ 

4 4, 4'Kfi anino diphenjdsulfone 


ISTAs ConvertedKokai(tm), Version 1 2 (Thaemy be eirors in tte above translatipn. . ISTAcannot 
be held liable for any detriirait fixmits use. Wff^: 


.... 20 Sfi:ep 

D 't'^Di/e^f&^f' 

(SL/.(*^) fi. SP-1 00 0) 

.... 1 oMSSP 

(T^^aSlh— O>400 0 T) 

• • • - vMfiSP 

[0094] y^j-yiy^f^ommom&i^mitse. 

( (+45" /O" /-45" /90' ) 3S) -CSHL. 
fi^0^-h<7U/-:;?IC«kS/3E«^^ 1 8 0"CT?2B#K1. 6k 
g f /cm2(0EAT"CfTofco llE?gS(OBfS*WSL. 5fc 


[0 0 9 6] C<0S(H^:;&®1tffi$$ai 5 0mm. fi10 0 
mmfC^Hl) Ur. ^^\Z 1 5 O 0 • ?K> hV^ >^<0 

«li*«SSM4 0 0B(c-Cli«i5«*S'lSLfc<?:C5l. 1 
I nch2t?fcofco Ol>-C?ASTM D - 6 9 5 lC^ttL^l± 
JSaS^ffofcJSS. 5 2 k s I (DJS#E«S5Sg (C A I ) 

fco «ftftft*Stt/»</J^*6^ofco 


[0 0 9 7] ^'j:^u^f$-:^fR]|c2 0SffiSLfct 

^S«A<L^-K(O|0!14G ,cA^6 2 0 J/m2 
[0098] (±2 5/±2 5/90) s<D«fit-ei OUc 

asL. i!£ji^Lfc®ib<ssffli>r?i?gyKigs^ffi\ stoic 

O k s I -efcofco 

[0 0 9 9] :;u:?u^f$-:&iRiic2 4g«iiLjSJi^Lfc« 

C I LS) mf^tbtzta. 11. 6k8 I -eftofco 


(Sunitomo Cherrical Co. Ltd (DN 69^53-5307) Nfeke, Sunicur 
eS) ****34paitsbywei^ 

5. siloxane polyinide oligomer which is stated in A part . 

* * * * 20partsby weigtit 


D i^on6niCToparticle 

(Toray Industries Inc. (DN 69-053-5422) Make, SP-1000) 
**** 10 parts by weight 

Polyanideinide 

( Amoco supplied Torlon 4000T) 

Freezing milling doing, rriCToparticle of average particle diameter 
23 iJmwhich it acquires. Vpartsby weigjit 

[0094] Wei^ proportion of rean in prepreg was 36.4 %. As for resi 
nquantityof per unit surface area as for anDuntofcarbon fiber of 
llOg^ntz and the p^ unit surface area it was a 192 g^ntz. 

[0095] >4ext, this prq>reg 24 was laminated with pseudoisotropic oo 
nfiguration ((+45 /O degree /-45 /90 degree)3s), formationwith 
conventional autoclave with 180 °C was done undo* pressure of 2 
hoursaiid6kgG^cnlz. cross section of molded article was ground, 
cross section observation was done with optical niCTOSCope. 
niaoparticle of 2 kinds existed, separating with matrix resin with 
the into'Iayer regioa 

[0096] Vertical 150 mm, machimngde^gpatingthispseudoisotropi 
c cured sheet as ddelOO mn\ aflier giving Ming wei^ 
1 500 indi* pound /inch to centCT,wlienitmeasureddamagp surface 
area with Canon / Holorics supplied ultrasonic flaw inspection 
imageequipmaitM400B,itwasal.l inch2. Next result of doing 
compression testa- in accordance with ASTM D-695 showedthe 
residual compressive strength (CAI) of 52 ksi. hardening 
condition CAI when it changes was shown in Tablet, hardaiii^ 
condition defisadesicy was small. 

[0097] In addition, wlien into-layCT tou^mess of reinforced plastic 
wasmeasured prq}r%201ayer concerning those which are 
laminated in (Hie drection,tou^inessQcofihe peeling mode was 
620 J/nC (double cantilev^ beammethocQ. 

[0098] (+A25/ -^/-25/90) VMi constitutim of S it laminates in 1 0 la 
yers, it does thetensi 1 e test making use of cured sheet wtt ch formed, 
when int^ty namely theEDS whidi edge delanination occurs first 
was sou^ it was a 71 .0 ksi. 

[0099] Whai compressive interlayer shear strength (OLS) vwas soug 
htfiom Working Example 1 ^milar test piece nsking use oflhe aired 
dieei which 2 4 layers laminated prq)r^ in one direction and 
fonned,it was a 1 1.6 ksi. 
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[01 00] ^'J^U</S-:^lRllC6|gaBi:fiE»Lfc8!ft 
1 90 k s I -efcofco 

[0 1 0 1 1 ±IBEffiltlllcfflLNfci:f^lttCD6lc0SE<b^5^ 
BlOmm. fi^aOmmlcayiXy 7 0°C|crftSl;4 


[0100] NMii^useofhaitbirfdieet vliiA 
reg in theone direction and formBd, in 2wedcswarniwater(72*C) 
with 82 aftff absoAing wato vAm itsou^ oonpressi 
straigOi in accordance vvith SAC MAS RSl-^, ^ 

[0101] Cured sheet of 6 lawyers whidi is similar to those vHdi are us 
ed forthe above-mentioned conpresaon testa* was cut off in width 
lOnxnand lei^30ninaiKiv^tenwith70'^C Ivvedcsimmeraon 
it mokes hydraulic oil (N4Dnsanto industrial dioiical corporation, 
low doisity aviation hydraulic test fluid), wei^ increase 
wasrestricted to 0.5 %. 


[0 102] 
[Si] 


[0102] 
[Table 1] 





CA 1 

No. 

CO 

CC/m i n. ) 

(k s i ) 

A 

1 8 0 

0.2 8 

5 2.6 

B 

1 8 0 

1. 5 

5 2. 0 

C 

1 8 0 

2. 8 

5 1.2 

D 

1 7 4 

1. 5 

5 2.6 

E 

1 9 2 

1. 5 

5 0.9 

F 

2 0 7 

1. 5 

5 0.8 


[0 10 3] cj±«t«iii ] mmmmc^m^. m^^mso) 


[0 10 4] o^ic. z(D:^')yiy</^2 4«LmM:^mf& 

( (+45' /O' /-45' /90' ) 3s) -V^mmt 


[0103] [Comparative Example 1] Beddes prqiregpart of wei^ prop 
ortion 35 % is produced exdudipg oonstitu^ Q withonly 
constitu^ B as matrix redn protocol v^di is suiilar to Workipg 
Example Iwas rq^eated. 

[0 1 04] Mext, this prqjreg 24 laminating and curing was done with p 
seudoisotropic configuration ((+45 ° /O degree MS ° 190 '')3s) 
and thrniolded ardcle was drawn ip. 


[0 10 5] C<DS(a^:^®^btR(D*iC>IC1 5 0 0^>^ • 

26 k s i i:l^9^£l^«#s^S5^g^5FLfco 


[0105] After giving falling wei^ impact of 1500 inch * pound Ainc 
h to coTtCTofthispseudoisotropic cured sheet, whenthe damage 
surfece area was measured it was a 3.7 indT2, Next, as for result of 
doing compression tester, you call 26 ksi,thelow residual 
conpressi ve streqgth was ^wa 


[0 10 6] ':y^}Zf\^^t:-fsn{Z20m^mLfz^<D(D^\ 


[0106] Prq^reg 20 laya* tou^mess Qc of peeling mxle wWdi islam 
inated was 210 J/nl2 (double cantileva* beammethod) in one 
cfirection, greatly it was inferior bycomparison with Working 
Exanple. 
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JP 95053742 Machine Translation - FjrstPas^^^ ^ '-^^^ 
[0 10 7] (±2 5>±2 5/9 0) s<^^^^ ^ 0®'^ 

a®L. f&r^LtcWitmmi^x^m^jmiini\ bob 

[0 10 8] ::fU3^u^f^-:^fR)ic2 4liffiIgLJ5£fl$Lfc^ 
4b«^ffll\ c I L s^*«)fci:c:5, 1 i . 6 k s i -Cfc 

[0 10 9] :^'j:?u<;$-:)3iRiic6ga)iLi?EJeL 

fzWMK^mi\ 2JirBlS7K (7 2°C) «-C?R7Xft(D8 2^ 
•e(^)Ete5iig^5Rtofci:C%, 190ksl-efeofco 


[0 110] [ik«0il2] ^f^E^ISB^^.^. m5^C(D 


[0 111] z(D:^^Jyly</(r>^ly-ymtmmm^<Dy') 
</^2 4iiSLmmyjmf$, ( (+45^ /o^ /-4 5^ /9 

O* ) 3s) xmMs WitLfSiMS^^^fSLLtco 

[0112] z(Dm^^My^wit^o^i^>{z^ soo^^^- 

7 I no h2-C&ofco Ol>t?E«i&^*fiofc 

msks 4 o k s I (DSSEffisag-cfcofco 

[0 113] 3^ij3^U</$-:^lRllC2 0MffiIiLtrt(7)(Dll 
[0 114] (±2 5/±2 5/90) s<^^fi£'^ 1 0®*^ 

agL. jiE?^Lfce<b«$fflur?i3syKia^m\ eds 

$*tofctC?>45. 8k8|-Cfcofco 

[0 115] :;'j::^u</^-:??iRilc2 4®aBLJ«»Lfc« 
[0 116] ^tz. ::^'J^u^r^-:^iSic6®lSBLj?EJKL 

fc®^b<5*ffll\ 25ira£* (7 2°C) c}3-Cl!R7K^(D8 2**C 

T?<0Ett5*K^*«)fctc:5. 1 7 1 k s I T?fcy. SItStt 


[0 117] ±tiKmumzmi^fztm^o>em(owit^^ 

ifglOmm. fi$3 0mmlc^yixy 7 0*C(crffBi;1& 

x-i/a>/w Kp-y *:;^T;^h:7;u^ K) ic2i@PBijiit 

[0 118] 



[0107] C+Ai5/4T^5/9^^ 

yers^ it did thetenale test nnaking use of cured sheet vJtidti fomed, 
when EDS was sou^it was a 3 1 .2 ksi, greatly it was infaior by 
conparison with the Working Exanple. . 

[0108] Whai ai^ was sou^ HBking use of cured sh^ 

layas laninated prepreg in one direction and formed, it was a 1 1 .6 

[0109] In addition, when conpressive strength with 82 °C after abs 
orbing wata* was sou^in 2 weeks warm water (72 ""Q making 
use ofhardened sheet which 6 layers laninated the prepreg in one 
direction and fcHtned, it was a 1 90 ka. 

[01 10] [Comparative Exanple 2] Besides prepreg F«rt of wei^ prop 
ortion 35 % of rean is p-oduced excluding theconstitumt B, with 
only constituoTt C as matrix resin protocol vshich is similar tothe 
Working Exanple 1 was repeated. 

[01 1 1] As for drape of this prepr^ by comparison with prqireg of th 
eWoridng Exanple 1, greatly it was infaior. Next, this prepreg 24 
laninate , was hardened with pseudoisotropic configMration ((+45 
/O ° /-45 ° /90 *')3s) andthe molded article was drawn up, 

[01 12] A&er ©ving falling wei^ impact of 1500 inch * pound /inc 
h to center of this pseudoisotropic cured sheet, whenthe damagp 
siff&ce area was measured it was a 1.7 inch2. Result next of doing 
COTpresaon tester was readual compresave strength of 40 ka. 

[01 13] Prepreg 20 layCT tou^mess Qc of peeling mode which islam 
inated was 380 J/ne (double cantilevo* beammethod) in one 
directim. 

[01 14] (4^-25/ +/-25/90) Whai with constitution of S it laninated in 
10 layers, it didthe toisile test makii^use of cured sheet w*nch 
formed, sou^ EDS itwas a45.8 ka. 

[0115] 24l£^ it laminated prepreg in one duiection and whai Q 
LS wassou^ making use of cured sheet whidi formed, it was a 10.5 
ka, it wasinfaior by comparison with Working Example. 

[01 16] In addition, 6 lay^s it laninated prepreg in one du-ection, w 
haitheconpressive straigth with82 X after absorbing wata- was 
solvit in 2wedcswannwatCT(72°Qmakinggseofhardaied 
sheet whidi formed, it was a 171 ka, it was infaior byoonparison 
with Working Exanple. 

[01 17] It cut oflFqured sheet of 6 layers which is similar to those v^c 
h areieed for above-nEntimed compresaon testa* in ^dth 10 mm 
and and ler^30mmwhenwith70°C 2wedcsimmeraonit 
makes hydraulic oil ( Nfensanto industrial cterical corporation, 
low darity aviation hydraulic test fluid), weii^ino-easewasthel. 
5 % and it was inferior by conparison with Working Exanple. 

[0118] 
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«®!tK$?l!Sofc|g(0«4iSHIIIt55i/i<^L<|iPS.e)*t 

ftisg. E^]^^if<DJj^^i$^ife^tsE^b(c=t,A^A^t>?>■rss Lrie 


[]iffectsof the Inv^(^^ and dr^ ai 

s prqjreg, heated nx>lditdoesprepreg due to tHsinvaition and, 
viiert making rdnforced plastic, itpossesses hi^ heat resistance , 
int^lay^diear strength and solvit resistance, at same tine 
itexcelled possesses impact reastance and interlays 
tou^mess. In addition, case wtee laminated board was pulled you 
can hold downedge delanination occurrence considerably, are 
si^jerior in fatigqe resistance. Furthermore that property in 
spite ofheating rate and cure tempaature and pressure or other 
molding condition change, stabilizing reveals fibo" reinforced 
rdnforced plastic vAAch is sup^or is^vea 


[01] Kmrnrsmm^SLm^moumt^^TFtmo 


[Brief Ejqjlanation of the Drawipg[s)] 

[Figure 1] Figure v^ch shows test piece of compresave intCTlayo- s 
hear strath measuronsnt 
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[Figure 1] 
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